Phosphorylation and dephosphorylation of intracellular enzymes, such as the T-cell-specific
Introduction
Phosphorylated enzymes play crucial roles in the regulation of various cellular functions. Protein tyrosine phosphorylation is modulated by protein tyrosine kinases (PTK) and protein tyrosine phosphatases (PTP). In
T-lymphocytes, several PTKs, including tyrosine kinase
Original Article TCPTP regulates Txk phosphorylation expressed in hepatocellular carcinoma (Tec) family kinases such as Tec, inducible T-cell kinase (Itk), and Txk/resting lymphocyte kinase (Rlk), are expressed and involved in the T-cell receptor (TCR) signaling pathway 1) .
We have reported that nuclear translocation of Txk regulated interferon (IFN)γ production in T-cells, forming a complex with poly (ADPribose) polymerase 1 (PARP1) and elongation factor 1 (EF1)α, a DNA repair protein and an aminoacyl-tRNA trafficking protein, respectively [2] [3] [4] . Selfphosphorylation of Txk (Y91) was essential for the trimer complex formation 5) . We found that the DNA binding activity of the protein complex was downregulated 1 hour after TCR stimulation 4) . Therefore, certain PTPs may be involved in the dephosphorylation of Txk in the nuclear compartment.
More than 100 PTPs are encoded in the human genome, and are organized into four classes. Class I, or classical PTPs, consist of receptor and non-receptor type PTPs, of which the vast majority of non-receptor type PTP are expressed in the cytosol 6, 7) .
T-cell PTPs (TCPTPs) are recognized as major nonreceptor type PTPs, and have a modular structure comprising an N-terminal catalytic domain and a noncatalytic C-terminal segment 8) . Although PTP localization in the cell nucleus is rare, TCPTP contains nuclear localization signal sequences and is known to be a nuclear phosphatase.
There are two alternative splicing isoforms of human TCPTP mRNA, a nuclear form (TC45) and a cytoplasmic form (TC48), each of which encode different C-terminals (Fig. 1A ). Both isoforms have nuclear localization signal sequences (NLS) within the non-catalytic domain. TC45 is thus expected to localize within the nucleus.
TC48 has a hydrophobic domain in the C-terminus, which contains an endoplasmic reticulum (ER) targeting segment, and localizes mainly near the ER (Fig. 1A) . The molecular weights of TC45 and TC48 are estimated to be 45kDa and 48kDa, respectively. TCPTP-deficient mice have been shown to have insufficient immune function 9) .
Here, we studied the involvement of TCPTP in the phosphorylation regulation of Txk, an important kinase of activated T-cells.
Matelials and Methods

1)Cells and cell culture
Cos7 cells were routinely cultured at 37℃ and 5 % CO2 
3)Antibodies
We used the following antibodies for immunoblotting and 
4)Gene transfection into Cos7 and Jurkat cells
We Mannheim, Germany) and 10 ng/ml phorbol 12-myristate 13-acetate (PMA, Sigma-Aldrich).
5)Immunoprecipitation and immunoblotting analysis
Whole cell lysates of Cos7 and Jurkat cells were extracted with lysis buffer (50 mM Tris-HCl, pH 7.4, 0.25 % Nadeoxycholate, 150 mM NaCl, 1 mM EDTA, 1 % Nonidet P-40, phosphatase inhibitors and protease inhibitors).
Cytoplasmic fractions of transfected Cos7 cells were purified by collecting the supernatants of the cell extracts using buffer A (100 μl, 10 mM HEPES, pH 7.9, 10 mM KCl, 
Results
1)Expression and subsequent cellular distribution of TC45 and TC48 in Cos7 cells
We first investigated the cellular distribution of TC45
and TC48 in Cos7 cells after transfection using an immunoprecipitation assay. Cytoplasmic and nuclear fractions were purified separately from Cos7 cells transfected with DsRed-tagged TC45 and TC48 expression Original Article TCPTP regulates Txk phosphorylation plasmids (Fig. 1B) . We analyzed the distribution of TCPTP by immunoblotting with an anti-TCPTP antibody.
TC45 was present in both the cytoplasm and nucleus (Fig.   1B, lane 3) . TC48 was localized exclusively in the cytoplasm (Fig. 1B, lanes 4-6) , confirming that TC45, but not TC48, was localized in the nucleus. Confocal microscopic analysis of Cos7 cells transfected with their respective plasmids confirmed this distribution (data not shown).
2)Effect of TCPTP transfection on Txk phosphorylation in Cos7 cells
We analyzed the effects of TC45 and TC48 expression on Txk phosphorylation by immunoprecipitation assay using Cos7 whole-cell lysate and nuclear fractions. Txktransfected Cos7 cells were co-transfected with TC45 and
TC48. Constitutively active Fyn was co-transfected for
Txk activation, cells were lysed, and supernatants were collected as whole-cell lysates. Phosphorylation of Txk was enhanced by co-transfection of constitutively active Fyn ( Fig.   2A, lane 4) . TC45 co-transfection dephosphorylated the activated Txk (Fig. 2A, lane 5) . Moderate phosphorylation of Txk was detected from Txk-transfected Cos7 cells without constitutively active Fyn (Fig. 2A, lane 2) . This may be due to the intrinsic kinase activity of Cos7 cells. Similarly, phosphorylated Txk without constitutively active Fyn was dephosphorylated by co-transfection of TC45 (Fig. 2A, lane 3).
We demonstrated that TC48 does not dephosphorylate Txk in Cos7 whole cell lysates (Fig. 2B) . We evaluated Txk phosphorylation in the nuclear fractions of both TC45-and . Lanes 1 and 7 were loaded with the immunoprecipitated protein from the nuclear fraction extracted from mock-transfected Cos7 cells. We repeated each experiment several times, and confirmed that the results were reproducible (data not shown).
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Original Article TCPTP regulates Txk phosphorylation TC48-transfected Cos7 cells (Fig. 2C) . Phosphorylated
Txk was detected in the nuclear fraction of Txk-transfected Cos7 cells (Fig. 2C, lane 2) . Phosphorylated Txk was almost completely dephosphorylated in the nuclear fraction of Cos7 cells co-transfected with TC45 (Fig. 2C, lane 3) .
Co-transfection with TC48 did not cause dephosphorylation of Txk; rather, TC48 enhanced and sustained Txk phosphorylation in a dose-dependent manner (Fig. 2C, lanes   4-6) . Interestingly, co-transfection of TC48 and constitutively active Fyn dephosphorylated Txk in a dose-dependent manner (Fig. 2C, lanes 10-12) . 
Discussion
A majority of human Tec family PTKs, such as Btk 11, 12) , Itk 13) , and Txk 2, 14) , translocate into the nucleus upon stimulation.
We have previously reported that Txk forms a complex with PARP1 and EF1α in the nuclear compartment, which then can bind to the IFNγ promoter 4) . Txk plays a role in the progression of Th1 response in human T-cells 4) . In contrast to the substantial expression of PTKs in the nucleus of activated T-cells, only several PTPs, including TCPTP, exist in the nucleus among the 60 types of catalytically active
PTPs expressed in T-cells 6, 7) .
TC45 binds to nonspecific DNA 15) and promotes cell cycle progression 16) . TCPTP is predominantly expressed in the spleen and thymus 17) , and TCPTP-deficient mice exhibit anemia, splenomegaly, lymphadenopathy, and thymic atrophy 9) . When T cells of TCPTP gene knockout mice were stimulated with mitogens, they did not show efficient proliferation 9, 18) .
Recently, it was reported that TC45 dephosphorylates Original Article TCPTP regulates Txk phosphorylation signal transducer and activator of transcription (STAT) 1, 3, and 6, in the nuclear compartment [19] [20] [21] [22] . STAT proteins are essential mediators for the differentiation of lymphocytes and antigen presenting cells. These results suggested that TC45 plays a crucial role in hematopoiesis and immune function 9) . Moreover, several genome-wide association studies (GWAS) revealed that the PTPN2 gene, encoding TCPTP, is associated with Crohn's disease 23) , type 1 diabetes mellitus 24) , and rheumatoid arthritis 
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